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| Production wells: groundwater levels and water quality
35"5/ (frequency: once a year, or before and after MAR events)
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| Production wells: groundwater levels and water quality
35"E/ (frequency: once a year, or before and after MAR events)
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What do we Monitor?
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© Soll sensors at depth of
03,05 1,152,253 and 4m

® Pressure Loggers
(north, center and south)
7" g# *® Direct push sediment sampling

A : ® infiltration rings: 1 to 24

3 o © QObservation wells OA and OB
s © Pond boundary

: '.:-“_ ~ Flooded area, January 2015

Infiltration pond

Pond surface:
levels, EC and T (cont. during MAR)
water quality (few times during MAR)

Infiltration rates
Single-ring infiltrometers
(few times during MAR)

Vadose zone:
WC, bulk EC and T (continuously)
pore water (few times during MAR)

GW observation wells:
levels, EC and T (continuously)
water quality (every 3 months)
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Monitoring system — GW & VZ

Desalinated water
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Database (WP9 deliverable)
MS Access based

A bservation 193433 707950 2832 305 03
P8 ARO cbservatian 153344 707530 28.2 305 3G.3
Haderal Mekorot Procuction 152739 703338 23.13 88.1 B3.03
Hadera2 Mekorot Production 710280 114 8
20320 Hadera 3  Makarot Production T 54 832 65.77 8332
2032012 Haders 4 Produtt) » “ a
2032028 Madera 34 ot A n
Haderad  Mekorot Proc Bl 9 30.5
Hadera7  Makorot 7 105 68 69.17 76.09 79.09
Keisaria 1 Faction T1248 1145 €« @ &6
Proguction 7 Ly N 55.9% 66
Procuction 70 8355 39.1 EL R
' dreguction ER 465 455 36
Makorot Procucticn 0 17.9¢ 613 €13
Mekarot Procuction 195653 711089 e 65.5 2.7
Mekoro: Procurt 188468 710831 3L6s 3 N
Makarot Proguction 193552 710233 38 100 57.7
Menashe 15 Mekarot Production 1003 BS BS
Menashe 162 Makorot Procduction 18 1 3150 08.5 67
Menashe 18a Mekoret Procduction 1 3828 100 100 3 50.3
ashe 1a Mekorot Procuction 2 2 08 4 B4
vashe 20 Mekarot Production 98.8 973
Meaashe 21 Mekarot Production §o.2 852
Mekarot Precuttion 53
Meakorot Productt ) 70,98
ot Prociucti L2
Procuctl
Drodutsic B1.38
ction B4 ”
2282042 Makoros EH B7
Makorot 7838 457 ;3.2
Marashed Makarot 78 425 S
Manashe 53 Meokarot
Menashe 6a Mekaret Proguction 1 1827 7B.5 EEE 414 664
Menashe Ta Maokaro: Production 38.22 38 97.73 & 31
Menashe Sa Mekorot Procuction L2 563 83 B05 68.32 7152 92
Menazne 9 % Production 1925 1843 83 83 &7.5 35 20,5 62
Secot Yam 2 t Procuction 1902 8.7 215 165
1 21018011 Froduction 54 24 137 X
&% M Well_Catalog Cataog o~q Sersar_Feid_Dota Vater_Qualty s

GW & VZ Water level Sensors Water
catalog and pumping data quality
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Data (few examples)

MARSOL Lavrion Workshop Athens, 16 — 18 March 2016

Ponding depth during three MAR events
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GW Observation wells

Observation Well PB

MARSOL Lavrion Workshop Athens, 16 — 18 March 2016
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Vadose zone gallery - M
MARSOL Lavrion Workshop Athens, 16 — 18 March 2016
Vadose Zone Gallery, 3m soil sensor

0.5
— 0.4 MAR 2015 infiltration tracer MAR 2016
"’E 4 test test
o 4
E 0.3
o 02
= 0.1 1
0
. 30
o
2 25
=
o
8 20+
=
)
-
15
240
§ 180+
7))
= 420 -
O
L
>
(48]
0 T
Dec Aug Dec
2014 2015 2016

Overview Methods Monitoring Data Extras Summary



Vadose zone WC during MAR 2015

Wetting front

......

":,“- R MAR |
& W

MARSOL Lavrion Workshop Athens, 16 — 18 March 2016
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Infiltration rates
(pond and local scales)
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Geochemistry — suction cups
(upper vadose zone sampling)

18/11/2014 — Dry sediment water from the beginning of infiltration

31/12/2014 - After 1.5 days of infiltration

01/02/2015 — After 34 days of infiltration

MARSOL Lavrion Workshop Athens, 16 — 18 March 2016

ZIWR
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4 characteristic types of water

MARSOL Lavrion Workshop Athens, 16 — 18 March 2016
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Shallow groundwater under the
pond are not a mix
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Using the monitoring system
for controlled experiments
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VZ modeling using the
monitored data

ZIWR
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GW Modeling (MEK)
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Propose - MAR
scenarios

~ 70 km?
MODFLOW (GMS)
Geostatistical +
deterministic aquifer
material distribution
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DBPs due to chlorinated

desalinated seawater (BGU)

ZIWR

Cani C¥
MARSOL Lavrion Workshop Athens, 16 — 18 March 2016

THM Water isotopes
CHCl,  |CHCILBr |CHCIBr, |CHBr,
Sample 82H (%o) | 620 (%o0)
Field Well PA 10.861 1.540
Samples | well pB + 10718 | 1.275
P-0.5 + 11.499 | 1.490
P-1.0 11.185 | 1.429
P-2.0 + + + 10.746 | 1.325
P-3.0 + + u 10.818 | 1.377
Reference | DSW Not Not Not Not
values detected | detected | detected | detected
11.339 1.414
Well M6 Not analyzed -18.408 | -4.485
Well M9 -18.475 | -4.508
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Summary & Conclusions
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* The vadose-zone and groundwater monitoring system in the
infiltration pond is continuously operating since the October
2014 Monitoring is automated; Data collection is manual

* Monitoring is maintained by robust commercial sensors

* Water quality data (VZ suction-cups, GW sampling) is non-
continuous and manually-based

* Deep unsaturated-zone monitoring (5-20 m) is needed for a better
characterization and understanding of vadose-zone processes
during MAR
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Column experiments

Ronen-Eliraz et al. (in review, STOTEN),

Simulating Managed Aquifer Recharge by Column Experiments
with Alternating Desalinated Water and Groundwater

Desalinated water replace groundwater

Groundwater replace

desalinated water
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Al

Marriot's Bottles |

‘ i
3 :
B e »

=3 =,
F e
B2 s
g =
81! 31 ——
\Sand Column
0 0  Sdwotrta Sl vty
c) d)
0 5 10 15 20
PV
=30 Sum
o Ca Mg Na K B . Ca/Mg Ca/Na Ca/K
e Cation
%20 Desalinated 1.88 0.06 041 0.01 0.023 2.39 30 4.6 199
A Groundwater 439 128 1.82 005 0004 755 | 34 24 g9
8 - — - - -
Fraction of cations in solution (cation/sum of cation):
0.0 .
8 o 5 10 . 20 26 Desalinated 0.788 0.026 0.172 0.004 0.010 1
PV Groundwater 0.582 0.170 0.241 0.007 0.001 1
Ratio of fractions:
GW/DES 0.7 6.6 1.4 1.6 0.1
DES/GW 1.4 0.2 0.7 0.6 17.9
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How?
approaches to Subsurface
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